We describe an atypical serum creatine kinase isoenzyme in the serum of a woman with cancer of the left breast. This isoenzyme migrated toward the cathode, closely following the MM isoenzyme on agarose gel electrophoresis. Its relative molecular mass was estimated to be about 325 000, fourfold that of normal creatine kinase. It is more heat-stable and is inhibited more by urea than the normal MM isoenzyme. lsoenzyme monomer B activity was observed to be 20 U/liter in the serum, as measured with use of an antibody against the M monomer. On anion-exchange column analysis, creatine kinase activity was observed only in the MM fraction, in spite of the fact that B activity was observed in the patient's serum. Results of the immunological investigation make it unlikely that the atypical isoenzyme is linked to immunoglobulin or beta-lipoprotein. It may have been present as the result of modification of normal creatine kinase by the therapeutic radiation the patient was receiving.
Case History
The patient, a 52-year-old woman, underwent radical mastectomy after diagnosis of cancer of the left breast in March 1977; tele-cobalt therapy (6000 R, or 1.55 Ci/kg) was administered over the left supraclavicular fossa and the mediastinum during five months.
In July, metastasis of the cancer to the skin of the left anterior chest region was found, so the patient received irradiation over the anterior thoracic wall, as well as local injection with Picibanil, a streptococcal preparation, and telecobalt-therapy with 1800 R over the left axillary fossa. At the end of September, remarkable retention of pericardial fluid and jaundice was noted, and a grade I atrio-ventricular block was found on electrocardiography.
The patient died on October 12. No autopsy was performed. The main laboratory findings (normal range of enzyme activity in parentheses) at the end of September were as follows: 
Materials and Methods
Serum and pericardial fluid from the patient were used for analysis. Total CK activity was determined at 37 #{176}C by the method of Rosalki (7) with "CPK Stat-Pack" reagents (Calbiochem, Los Angeles, Calif.). An electrophoretic method for CK isoenzymes was carried out by a modification (6, 8) of the fluorescence technique of Somer and Konttinen (2) . Electrophoretic patterns were scanned with a Densitron FR-i (Jookoo Sangyo Co., Tokyo, Japan). CK isoenzymes were also separated on a mini-column of DEAE-Sepharose CL-6B (Pharmacia Fine Chemicals AB, Uppsala, Sweden) as previously reported (5, 6, 9) . Our elution procedure was similar to that described by Nealon and Henderson (4) , but the serum was diluted with tris(hydroxymethyl)aminomethane buffer (50 mmol/liter, pH 7.0) before it was applied to the column.
Thin-layer gel filtration on Sephadex G-200 superfine .1
(Pharmacia Fine Chemicals) was developed for 2 h with phosphate buffer (67 mmol/liter, pH 7.4). A strip of TOYO filter paper No. 50 was placed on top of the gel surface to directly absorb the separated protein fractions. To detect CK activity, another strip of filter paper soaked in the reaction solution was then placed over the first sheet. After incubation for 60 mm at 37 #{176}C, sites of CK activity could be seen under ultraviolet light (360 nm). Gel filtration was also performed on a Sephadex G-200 column (1.8 X 45cm) at 4#{176}C, which was eluted with phosphate buffer (67 mmol/liter, pH 7.4) at a flow rate of 9-10 ml/h. The relative molecular mass (Mr) of the patient's serum CK was estimated by comparisons with standard proteins (Boehringer Mannheim GmbH Biochemica).
CK-B activity was determined by use of an antibody against the CK-M monomer. This antibody, which only recently became available (E. Merck, Merck-i-Test CK-MB 14301), was used according to the vendor's instruction sheet.
Immunoelectrophoresis was carried out on agar gels against rabbit anti-whole human serum, anti-IgG, anti-IgA, anti-IgM, and anti-13-lipoprotein (Behringwerke, Hoechst-Japan Co., Tokyo). After the agar plate was washed with isotonic saline, CK activity was detected both by the fluorescence method and by tetrazolium staining as in the methods used in electrophoretic CK isoenzyme analysis. The plates were then incubated for 60 mm at 37 #{176}C.
The heat stability and response to urea, to 6 g/liter sodium Left to right, peaks of serum protein show gM, I9G, and albumin, respectively. The result obtainedhere agrees with that represented in Figure 2 deoxycholate, to 50 mmol/liter ethylenediaminetetraacetic acid (EDTA), and to 10 mmol/liter fl-mercaptoethanol were examined. All reagents were analytical grade.
Results
The atypical serum CK isoenzyme, "macro-CK," migrated toward the cathode (Figure 1 ). This band does not appear when creatine phosphate is omitted from the incubation medium. "Macro-CK"
was also present in the patient's pencardial fluid.
Molecular size investigation.
Thin-layer gel filtration patterns of patient's serum and normal serum are shown in Figure 2 . The position of the fractions was observed by ultraviolet fluorescence. Normal CK was found between the albumin and IgG fractions, while "macro-CK" was found between the IgG and 1gM fractions, suggesting a greater relative molecular mass. Figure 3 shows the profile of Sephadex G-200 elution. The patient's serum shows a peak of CK activity in fraction 23, as well as in the normal CK fraction, no. 31. This fraction 23, developed with thin-layer gel filtration, emitted a fluorescence, appearing between the IgG and 1gM fractions. Figure 4 shows the regression line of the relationship between elution volume (Ve) and relative molecular mass of four proteins used for calibration purposes on the Sephadex 
Immunological
investigation. CK-B activity was determined to be 20 U/liter by use of an antibody against CK-M monomer. This result suggests that "macro-CK" would have CK-B activity, because the lowest limit of visual detectability of enzyme activity is at 5 U/liter by our electrophoretic technique. Immunoelectrophoresis against anti-whole human serum, anti-IgG, anti-IgA, anti-IgM, and anti-3-lipoprotein failed to show any precipitin lines containing CK activity. Furthermore, to investigate the possibility that "macro-CK" might be linked to serum immunoglobulin, the serum was also incubated overnight at room temperature with rabbit antiserum against IgG, IgA, and 1gM. Increasing volumes of the patient's serum were added to 0.1 ml of the rabbit anti-serum according to the method of Harada et al. (10) . The samples were centrifuged at 3000 rpm and the CK activity in the su- 56 #{176}C) and urea on the patient's serum creatine kinase isoenzymes The cathode is atthe bottom of the figure. (1), (2), (3) , and (4): treatment of patient'sserum with 1, 2, 3, and 4 mol/liter urea,respectively. (5) and (6): the patlent's serum after heating at 56 #{176}C for 5 mm and 10 mm, respectively; (7): the patient's serum pernatant fluid was determined. After washing with saline three times, the precipitate was completely dissolved in glycine/HC1 buffer (50 mmol/liter, pH 3.4). The protein concentration was determined by absorbance at 280 nm. However, the results showed no increase of protein precipitate or decrease in CK activity in the supernatant fluid.
Ion-exchange column chromatography. Inhibitory effects of temperature and urea are shown in Figure 6 . The "macro-CK" retained 75% of its original activity after heating at 56 #{176}C for 5 mm, and 15% after heating for 10 mm at the same temperature. Normal CK activity disappeared entirely after heating for only 5 mm. Inhibition studies were also carried out with urea. Normal CK showed only slight inhibition by 2 mol/liter urea, whereas "macro-CK" was inhibited entirely by the same condition.
Treatment of patient's serum with 6 g/liter sodium deoxycholate, 10 mmol/liter fl-mercaptoethanol, and (or) 50 mmol/liter EDTA had no effect on the apparent molecular mass or electrophoretic mobility of "macro-CK."
Discussion
In analyzing for CK isoenzymes by electrophoresis, nonspecific reactions often create problems; e.g., the reaction catalyzed by myokinase (2, 8) , nonspecific staining by tetrazolium (2, 8) , or nonspecific fluorescent substances in the albumin zone (especially in the serum of patients on hemodialysis treatment) (8) . However, it is apparent that "macro-CK" is not present as a result of a nonspecific reaction, because the cathodic band referred to in this paper does not appear without creatine phosphate.
CK isoenzyme
bands having cathodic mobility in tissue homogenate have been described in association with the mitochondria and myofibrillar extracts of rabbit (11) , beef (12), and rat (13) myocardium, and rat skeletal muscle (13) . CK activity associated with the mitochondria (m-CK) is more heat labile and more inhibited by urea than is the enzyme in the supernatant fraction (11) . The special features of "macro-CK" are that it is more heat stable and more inhibited by urea than CLINICALCHEMISTRY, Vol. 24,No. 11,1978 2057 is normal CK-MM (Figure 6 ). Such heat stability contrasts with that of m-CK.
There is some disagreement concerning the amount of m-CK and its relative molecular mass. Sobel et a!. Figure 4 , the relative molecular mass of normal CK was estimated to be about 80 000, which is in good agreement with reports by other investigators (1, 11) . But we estimated "macro-CK" to have a relative molecular mass of about 325 000. This finding suggests that "macro-CK" may be a tetramer of normal CK.
Increased serum enzyme activity after irradiation has been widely reported. MacWilliam et a!. (15) suggested that this increase could originate from the damaged cytoplasm of heart muscle. In our case, the increase in CK activity was slight, so
. it could not reflect profound tissue damage. Taken together, these findings make it seem most unlikely that "macro-CK" originated from the mitochondria.
There have been a few reports (16, 17) concerning abnormal indistinguishable from CK-MB in human heart tissue. They suggested that any CK, for example m-CK, or another CK-MM that has a different subunit structure (19) , would be measured as CK-MB with the immunological method, because the antibodies only block the normal CK-M subunit. In our case, CK-B activity observed is believed to be due to CK-MB originating from the cytoplasm of the myocardium;
however, it is not certain whether this patient's serum really showed CK-B activity.
In conclusion, the evidence thus obtained suggests that "macro-CK" may be a tetramer of normal CK. However, the possibility of CK combined with some substance (relative molecular mass about 240 000) carrying a positive charge cannot be entirely excluded. Furthermore, it is not certain whether "macro-CK"
really involves CK-B activity. We are continuing our investigation of sera from identical cases in which the patient is exposed to radiation in the thoracic region.
